The structures community has recognized that uncertainties in the structural parameters as well as in the service environments need to be considered in evaluating structural integrity and reliability.
It is important, therefore, to evaluate the influence of mesh coarseness on the accuracy of structural reliability.
Several alternatives were recently examined at Lewis.
The objectives of this presentation are to briefly describe these alternatives and to demonstrate their effectiveness. The results show that special mapping methods can be developed by using (i) deterministic structural responses from a fine (convergent) finite element mesh, (2) probabilistic distributions of structural responses from a coarse finite element mesh, (3) the relationship between the probabilistic structural responses from the coarse and fine finite element meshes, and (4) probabilistic mapping. The structural responses from different finite element meshes are highly correlated.
Using this correlation together with the probabilistic potential energy variation principle (ref. I) that determines the mean and standard deviation of a structural response for a given finite element mesh, one can obtain the linear relationships shown in equation ( Ratio mapping is from a second moment correction= A in equation (I) is the ratio of fine and coarse mesh deterministic responses, and B is equal to zero. Ratio mapping represents not only the fact that the mean values are different but also that the scatters around the mean can be either wider or narrower.
Therefore, only the reduced response variables are considered to be the same.
Mixed mapping is the average of shift and ratio mapping.
Once this relationship is developed, probabilistic mapping can be applied.
Four examples were studied
to verify this methodology.
The computer code NESSUS (Numerical Evaluation of Stochastic Structures Under Stress) (ref.
2) was used to perform the probabilistic structural analyses.
In the first example, a cantilever plate subjected to lateral pressure was analyzed.
Plate thickness and the uniform pressure were considered to be random variables. In the second example, a buckling analysis of a simply supported composite plate was performed.
The random variables were the coefficients of the stiffness matrix for the stress resultants/generalized strains relations. The probabilistic distributions of those coefficients were computed by the com-" purer code PICAN (Probabilistic Integrated Composite Analyzer).
In the third example, a cantilever plate subjected to thermal and mechanical loads was analyzed.
Three random fields (uncertainties) were considered -thickness, modulus, and temperature.
Each field consisted of correlated nodal random variables, and the loads at the free edge were also considered to be random. The structural parameters, such as modulus and strength, deteriorated under the aggressive service environments.
These effects were characterized by the Multi-Factor Interaction Model (ref.
3).
In this example, even with a poor mesh (16 percent error in the deterministic response), the probabilistic distribution of the response and the structural reliability using ratio mapping compare very well with those using fine finite element mesh.
In addition, the ratio of the computational time using coarse and fine mesh was about 1:20. In the final example, a tapered cantilever plate with variable thickness was studied.
The uncertainties considered were the same as in the previous example.
In each example, only the maximum effective stresses from coarse and fine meshes using different mapping methods were compared.
From examples I and 2, we verified the equality of the ratios ri and r_ as defined in the viewgraph "Comparisons Between Probabilistic Distributions from Different Mapping Methods, Cantilever Plate Subjected to Uniform Load." This is essential to the derivation of the ratio mapping.
We also found that (I) the shift mapping works well only with a good coarse mesh; (2) ratio mapping, which provides very accurate probabilistic distribution and the structural reliability even with a very coarse mesh, is highly recommended; and (3) results from mixed mapping always lie between those from shift and ratio mapping.
In conclusion, mapping methods were developed to perform probabilistic structural analyses by using coarse finite element meshes.
High accuracy was achieved, and computational time was saved. Therefore, the dilemma experienced using either coarse or fine meshes for the probabilistic structural analyses was resolved. 
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